Abstract We present a case of an aged male with myeloperoxidase anti-neutrophil cytoplasmic autoantibody (MPO-ANCA)-associated vasculitis with onset of brain infarction that demonstrated immunohistochemically MPO-positive capillaries at autopsy. The patient initially presented with gait difficulty and right-sided weakness. Since an imaging study revealed brain infarction, he was admitted to our hospital and medicated by antiplatelet agents. Continuous fever and elevated serum C-reactive protein (CRP), hematuria of glomerular origin, renal dysfunction, and high serum titer of MPO-ANCA were detected. Systemic toxicoderma appeared, and skin biopsy revealed small-vessel vasculitis; thus, he was diagnosed with MPO-ANCA-associated vasculitis. Steroid therapy (methylprednisolone 30 mg/day) was started, and general status improved. However, he died of shock 6 days after the start of the therapy. Autopsy revealed massive retroperitoneal hemorrhage with necrotizing small-vessel vasculitis in systemic organs including retroperitoneum, skin, brain, testes, and kidneys. Immunohistochemically, infiltration of MPO-positive white blood cells into the capillaries was occasionally observed, along with the features of MPO-positive capillaries. Cerebrovascular involvement of MPO-ANCA-associated vasculitis is rare compared with renal and pulmonary manifestations, having been reported to occur in up to 4 % of patients. Furthermore, as we have recently reported, MPO-immunopositive capillaries may appear only during the hyperacute stage of the disease. Therefore, the present case represents the unique combination of these two rare manifestations.
Introduction
Myeloperoxidase anti-neutrophil cytoplasmic autoantibody (MPO-ANCA)-associated vasculitis is histologically characterized by necrotizing capillaritis in the involved organs [1] . Although respiratory and renal involvements are common [1] , cerebrovascular involvement is rare, accounting for up to 4 % [1] [2] [3] . Furthermore, histological documentation of brain in this disease is extremely rare. On the other hand, the etiology of the capillaritis has been postulated to be the release of enzymes including MPO from neutrophils, which are activated by ANCA and cytokines, also known as the ANCA-cytokine sequence theory [4, 5] . However, immunohistochemical detection of MPO-positive cells on the capillary has rarely been reported. We have recently demonstrated immunohistochemically that MPO-positive cells do infiltrate into the capillary as well as the presence of MPO on the capillary wall of the glomeruli and pleura in the early stage of MPO-ANCA-associated nephritis and vasculitis, and postulated that this phenomenon is observed in only the hyperacute stage of the disease [6, 7] . Here, we present an autopsy case of the rare occurrence of MPO-ANCA-associated vasculitis with cerebrovascular involvement along with detailed histopathological evaluations including MPO-positive cells in the capillary.
Case report
An 82-year-old Japanese male is presented. His past history included hypertension and unstable angina since he was 61 years old and percutaneous transluminal coronary angioplasty performed when he was 71 years old. He was a nonsmoker and social drinker, and there was no patient with collagen disease in his family and relatives. His daily medicines were aspirin 100 mg, amlodipine besylate (calcium channel blocker) 10 mg, and metoprolol tartrate (beta-blocker) 60 mg.
On July 20th, general malaise and weakness of lower extremity with gait difficulty appeared and gradually worsened. On August 4th, he was diagnosed with brain infarction (left corona radiata region) by an imaging study ( Fig. 1) , and admitted to the stroke center. Although the paralysis was stabilized by medication with antiplatelet agents, low-grade fever and elevated serum C-reactive protein (CRP) (10-15 mg/dl) continued despite the prescription of antibiotics. Hematuria of glomerular origin, renal dysfunction (creatinine: elevation from 1.0 to 3.1 mg/dl), and high serum titer of MPO-ANCA (130 EU) were detected; therefore, ANCA-associated vasculitis was suspected, and he was admitted to internal medicine on August 18th.
At the time of this admission, on physical examination, his blood pressure was 100/70, with a regular pulse rate of 90 beats/min. His temperature was 37.0°C. His electrocardiogram was normal (in sinus rhythm) and his echocardiogram was also within normal limits. Hematological and blood chemical values were as follows: white blood cell count 19,300/mm 3 (seg. 82.5 %, eosino. 4 %, mono. 2 %, lympho. 11 %), red blood cell count 328 9 10 4 /mm 3 , Fig hemoglobin 10.5 g/dl, hematocrit 32.9 %, platelet count 17.3 9 10 4 /mm 3 , total bilirubin 1.4 mg/dl, aspartate aminotransferase 36 IU/l, alanine aminotransferase 22 IU/l, alkaline phosphatase 559 IU/l, c-glutamyltranspeptidase 35 IU/l, urea nitrogen 62.5 mg/dl, creatinine 3.1 mg/dl, CRP 14.4 mg/dl, and total serum protein 5.6 g/dl (albumin 1.6 g/dl). Urinary protein was negative, and occult blood was 2? (sediments: protein 0.2 g/dl, RBC 5-9/HPF).
As generalized rash appeared (Fig. 2) , skin biopsy from the left leg was performed. The histology revealed smallvessel vasculitis in the deeper dermis (Fig. 3) ; thus, he was diagnosed with MPO-ANCA-associated microscopic polyangiitis (MPA). Steroid therapy (methylprednisolone 30 mg/day) was started, and general status improved. Although CRP rapidly reduced from 14.4 to 4.1 mg/dl in several days, renal dysfunction progressed as revealed by increased serum creatinine level from 3.1 to 4.9 mg/dl. Six days after the start of the therapy, he complained of abdominal discomfort and lumbar pain, and suddenly died of shock.
Autopsy was performed 13 h after death. Thoracotomy and laparotomy revealed hemorrhagic pleural effusions (lt. 450 ml, rt. small amount) and ascites (160 ml) as well as diffuse retroperitoneal hemorrhage (Fig. 4) . Histologically, multiple necrotizing vasculitis in small and medium-sized arteries were confirmed in the retroperitoneum (Fig. 5) and in other organs including kidneys (with slight glomerular abnormalities with pauci-immune deposit by immunofluorescence microscopy), brain (with small infarct), testes, iliopsoas muscle, and skin. Liver (1330 g), kidneys (lt. 130; rt. 140 g), and spleen (95 g) were anemic. Other major findings included hypertrophy and ventricular dilatation of the heart (500 g) and congestion of the lungs (lt. 510; rt. 605 g). Further detailed histological examination was performed in the brain. As mentioned earlier, necrotizing vasculitis in the cerebral arteries was occasionally noted (Fig. 6) . MPO was immunostained with polyclonal rabbit anti-human myeloperoxidase (dilution 1/10,000; Dako Cytomation, Denmark) as the primary antibody, and biotinylated goat anti-rabbit IgG (Nichirei Bioscience, Japan) was used as the secondary antibody. Nuclei were stained using hematoxylin. MPO
? neutrophils occasionally attached to endothelial cells, and the endothelial cells were also stained with MPO (Fig. 7) .
Discussion
The present case is an aged male with MPO-ANCA-associated MPA that involved multiple organs including retroperitoneum, kidneys, brain, testes, iliopsoas muscle, and skin. Although respiratory and renal involvements are common in MPO-ANCA-associated MPA, cerebrovascular involvement is rare, accounting for up to 4 % [1] [2] [3] . To our knowledge, 12 cases of brain involvement in patients with MPO-ANCA-associated vasculitis have been reported in the English literature or Japanese literature with English abstract (Table 1) [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Cases with pachymeningitis in this entity have been excluded.
As shown in Table 1 , brain involvement of MPO-ANCA-associated vasculitis occurs in patients with various ages (15-82 y.o., mean 57.9 y.o.) of both sexes (M:F 7:6). The most common manifestation is infarct (n = 7), followed by hemorrhage (n = 3), infarct and hemorrhage (n = 2), and subarachnoid hemorrhage (n = 1). It has been postulated that cerebral infarct is caused by thrombophilia of necrotizing vasculitis whereas cerebral hemorrhage is caused by rupture of necrotizing vasculitis [8] .
Six out of 13 cases including the present case with brain involvement in MPO-ANCA-associated vasculitis died, indicating poorer prognosis of this entity. In most cases, histological diagnosis of MPA was made by cutaneous biopsy, while the cerebrovascular pathology has been reported in only 2 cases with autopsy findings [8, 16] . In accordance with these 2 cases, necrotizing vasculitis of small blood vessels in the brain was identified in the present case. Furthermore, infiltration of MPO ? neutrophils into endothelial cells was confirmed for the first time in the cerebral vessels, in agreement with the ANCAcytokine sequence theory [4, 5] . Therefore, we believe that the present case may shed light on better understanding of this rare but important entity of cerebrovascular involvement of MPO-ANCA-associated vasculitis.
